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Neutrino Tribimaximal Mixing from A4 Alone 
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Abstract 
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, Neutrino tribimaximal mixing is obtained from the breaking of to Z3 in the 

charged-lepton sector and to Z2 in the neutrino sector. To enforce this conflicting 
pattern, extra particles and symmetries are usually invoked, often accompanied by 
nonrenormalizable interactions and even extra dimensions. It is shown here in a specific 
renormalizable model how alone will accomplish this, with only the help of lepton 
number. 



Introduction : The observed neutrino mixing matrix is very close to the tribimaximal 
form and is best understood in terms of the tetrahedral symmetry ^4 [21 El HI E]. The 
key to its success is the pattern of symmetry breaking with preserved subgroups [6l [7] such 
that Z3 and A4 Z2 in two different sectors. This misahgnment is technically 

challenging to achieve and many auxiliary symmetries and particles have been invoked to 
make it happen O [H [9l [TOl [TTl [121 [131 El 113 [HI lH! > often with nonrenormalizable operators 
and even in the context of extra dimensions, thereby complicating the simple original idea 
of using just ^4. 

On closer examination, it turns out that the breaking of by Z2 through a judicious 
choice of soft terms in the Higgs potential would work because there is a hidden symmetry 
which prevents the appearance of the other unwanted terms. This is accomplished in a 
renormalizable model using Higgs doublets and triplets, both transforming as 1 and 3 of A4 
alone. 

Lepton and Higgs Assignments: The three families of leptons are considered [18] as 



triplets under A4: 

L, = {iyi,k)^3, /,^~3. (1) 
To obtain arbitrary lepton masses rUe^^^T) four Higgs doublets are used: 

<l>o = (0°,0o)~l, $. = (</>°, 3. (2) 

The Yukawa interactions are then given by 

+ (1 ^ 2,2 ^ 3,3 ^ 1) + (1 ^ 3,3 ^ 2,2 ^ 1) + i7.c., (3) 

resulting in 

Ml 



/ hovo hivs h2V2 \ 

h2V3 hoVo hivi 
\ hiV2 h2Vi hoVo J 



(4) 



For f 1 = f 2 = f 3 = f , this is exactly diagonalized: 

/ 

Mi = Ul 



nip 



\ 

V nir J 



U 



(5) 



where 



Ul = Ur 



V3 



/II 1 \ 

1 cu^ 
\1 a; y 



(6) 



with a; = exp(27rz/3) = —1/2 + i^/3/2 and 







( hovo ^ 








hiv 


(7) 






\ h2V ) 





Before discussing the Higgs potential, note that the above is invariant under the trans- 
formation 



$1 $1, $2,3 -^2,3, Vl Vl, V2,3 ^ -^2,3, 
Li Li, L2,3 — > — -Z^2,3; ^1 ^ ^1) ^2,3 ~^ ~^2,3- 



(9) 



This hidden symmetry will prove to be crucial in obtaining tribimaximal mixing with A4 
alone. 

Scalar Potential of Higgs Doublets: Consider the scalar potential Vq of $0 by itself. It 



has just 2 terms: 



The corresponding potential Vi of $1,2,3 was shown to be [2] 



= /i?^($J$,) + -Ai5]($J$,)' + A2|<fI<fi+^'<f5<f2 + a;<l>^<f3| 



+ A3[|$^$3|' + |$l$l|'+|$l$2 
1 



($|$3)'+(<fi<fl)' + (<fl$2)' +H.C.\. 



(10) 



(11) 



The terms connecting the two are given by 

V2 = A5($S$o)E(*l*0 + |A6E('^o'^'i)(*o*i) + ^-c.| 

+ [A7($J$ l)($|$3) + ($J$2)($J$l) + ($S$3)(<f I$2) + H.C. 
+ fA8($S$l)($J$2) + ($J$2)($1$3) + ($J$3)($^$l) + H.C. 



(12) 



It is clear from the above that the breaking of to is maintained with vi = f 2 = v^. 
The new observation of here is that this solution is physically indistinguishable from vi = 

-V2 = -^3- 

Neutrino Sector . To obtain arbitrary Majorana neutrino masses, four Higgs triplets are 
used: 



(13) 



The Yukawa interactions are then of the form ^^J^i ^ii-'i and ^11^21^3 + ^2^3^i + ^3^1 ^2- It is 
now assumed that U2 = U3 = 0, where Ui = (^°), so that ^4 breaks to Z2, resulting in [U [S] 
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(15) 



The mismatch between Ul and Uu yields ^ 



/ ^2/3 1/V3 \ 

-1/Vq 1/Vs -1/V2 
\-i/V6 i/Vs 1/V2 ) 



(16) 



i.e. tribimaximal mixing. This is the simplest such realization, which is conistent with only 
the normal hierarchy of neutrino masses (mi < m2 < "^3), with the prediction [19] 



(17) 



where rriu^ is the kinematical mass of z/g, and rriee is its mass measured in neutrinoless double 
beta decay. Note that ^ may be assigned the global lepton number L = —2 from its Yukawa 
couplings, which is then broken so that L (— 1)^- 

Addition of Higgs Triplets: It is assumed that and ^,2,3 are all very heavy [20j with 
masses Mo and Mi respectively, so they do not appear as physical particles at or below the 
TeV scale. They have quartic interactions among themselves similar to those of Vi^2,3- It is 
easy to establish that the analog of Eq. (8) holds here as well, i.e. 

Ci^ei, 6,3^-6,3. (18) 

To obtain the desirable solution uq 7^ 0, mi 7^ 0, and U2 = = 0, the global lepton number 
L as well as A4 must be broken. The new observation of this note is that the following choice 
of soft scalar trilinear terms 

i i 

works. From V, very small values of uq and ui are induced [20] by vq and vi = V2 = V3 = v, 
i.e. 

but M2,3 cannot appear. To understand this, note first that in order for ^0 or ^1,2,3 to have 
a vacuum expectation value, L must be broken and that can only be achieved through the 
terms of V. However, ^2 or ^3 are only connected to these terms through their quartic or 
Yukawa couplings, which always preserve the symmetry ?/'2,3 ~V^2,3, where ip may be (z/, I) 
or l'^ or $ or C,- Hence they always appear together and protect each other from getting a 
vacuum expectation value if neither has one to begin with. 

Phenomenology of Higgs Doublets: Since the Higgs triplets are very heavy, they may be 
integrated away, and from the explicit choice of V, the effective scalar potential of Higgs 
doublets at the electroweak scale is still given by Vq + Vl + V2. Therefore, A4 symmetry is 



maintained and its breaking {vi = V2 = = v) results in a residual symmetry, under 
which $0 and $0 = ($1 + $2 + ^3)/V^ are singlets and 

= ^($1 + to'^$2 + u;$3) ~ cu, $2 = ^($1 + co'$2 + cj^^a) ~ w^. (21) 
V 3 V 3 

The charged leptons are similarly redefined: 

e = -^{h + I2 + h) ~ 1, e'^= -^{It + 1^2 + ID ~ 1, (22) 
fi= ^{h + ujl2 + uj%) r^u^, /i' = -^(/J + + cj/^) ~ cj, (23) 
r = -^(/i+c^% + c^/3) ~cj, = ^{I1 + iul'^ + uj%) ^uj\ (24) 

As a result, 0o couples to the charged leptons according to 

■;^(me + m^ + mr){ee'' + ^fi" + TT''), (25) 

and 0'q according to 

[(2me — — 'mr)ee^ + (2m^ — rUr — me)^.^'^ + (2mT- — mg — m^)rr'^] (26) 



3^3' 

The linear combination (fo0o + v^t'0'o) /v ^0 + 3^^^ corresponds to the Standard- Model Higgs 



boson which couples to (mgCe'^ + m^nn^ + mT-rr^) / \Jvl + 3f ^ as expected. 
The Yukawa interactions of and (j)'^ are given by 

— ^[(2m^ — m,- — me)eT'^ + (2m^ — mg — m^)/ie'^ + (2me — — mT-)r/i'^], (27) 
3v3f 

— ^^[(2771,- — rrie — mf^)efi^ + (2me — — mr)fiT'^ + (2m^ — m,- — me)re'^], (28) 
3v3t' 

respectively. Note that the above Yukawa couplings are different from those of the original 
^4 model [2], where ^^23 ~ IjlM"- Note also that the residual Z3 symmetry is a discrete 
lepton flavor symmetry which forbids [16] transitions such as /i ^ 67 and /i eee. However, 
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there are processes forbidden by the usual lepton flavor (Lg, L^, L^) conservation, but allowed 
by Z3. From Eqs. (27) and (28), it is clear that 

T+ e+e+/x", r+ /xV^e", (29) 

are possible. Their branching fractions are easily calculated to be 

where mg// is the effective contribution of the two scalar fields 0'?2) compared to the 
experimental upper bound of 1.1 x 10^^. Of course, if 0'°2 produced at the Large 
Hadron Collider (LHC), then their decays into two different charged leptons would be a 
unique signature of this model. 

The contribution of (j)'^ 2 the muon anomalous magnetic moment is given by 

well below the current experimental sensitivity. 

Conclusion : It has been shown how a renormalizable model of Higgs doublets and 
triplets based on alone, with only the help of lepton number, is able to sustain neutrino 
tribimaximal mixing. The key is the judicious choice of the soft terms of Eq. (19), which 
break lepton number L to (— 1)"^, as well as A^^, but preserving the symmetry whereby all 
fields with indices 2 and 3 are refiected, i.e. ■?/'2,3 —'^2,3- As a result, ,^23 ^-^e protected by 
each other so that ^2,3 = is a consistent solution, which then leads to tribimaximal mixing. 
For the choice of Higgs doublets, there are also specific predictions of lepton fiavor structure, 
which are testable at the LHC. 
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